Modeling OWC Devices

WEC-Sim Training- Advanced Features
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I Meshing

WEC-Sim team uses 3 primary ways to model OWC in BEM codes

Generalized Body Modes (GBM) Free Surface Pressure (FSP)

Two Rigid Bodies



I Meshing

WEC-Sim team uses 3 primary ways to model OWC in BEM codes

Generalized Body Modes (GBM)

+/- AWAMIT/Capytaine feature
that can be implemented
directly, but you probably need
to modify defmod. f

+ Can describe many surface
modes (i.e., sloshing/pitching)

- Large undamped responses

- Custom WEC-Sim for control

- Careful with infinite-frequency
added mass!

Free Surface Pressure (FSP)

+ A WAMIT feature can be
implemented directly on low-
order GDFs

+ Well-described boundary
conditions

- A “zero mass” surface - large
undamped responses

- Heave-only surface

- Custom WEC-Sim for control

Two Rigid Bodies

+ The most intuitive

+ Doable with most BEM codes

+ Standard WEC-Sim blocks—> can
model PTOs, controls, etc. w/o
modification.

- Not so great for floating OWC

- Can be painful to tune

- Heave-only surface(?)



I Meshing

WEC-Sim team uses 3 primary ways to model OWC in BEM codes

Generalized Body Modes (GBM):

*Recommended in general

Free Surface Pressure (FSP)

* Recommended in WAMIT
alongside GBM

Two Rigid Bodies

* Recommended for fixed OWC,
if necessary



I Meshing

Some common difficulties

This can be a thin surface
(consider dipoles, a 2D
approximation)

Very large panel
numbers

Undamped free-
surface motion in BEM
potential flow solution

Some geometries require
multiple embedded loops of
panels i.e. top view:

Internal reflections surge/pitch
when wavelength ~ moonpool
length



Hydrodynamics

Good hydrodynamics should be:

OWC BEM results will frequently have non-
physical peaks that will drive the IRF results.

“GBM1" is the relative heave of the internal free

Smooth

Added mass - constantas w 2> o

Radiation damping > 0 as w 2> @

Radiation damping (on diagonals) > 0

For OWC: infinite frequency added mass ~
highest-frequency added mass
Well-resolved over frequency range of interest
Your IRFs should smoothly decay to zero over

time!

surface

Normalized Added Mass: 4, j(w) = —1—=
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Hydrodynamics

These peaks correspond to a wave length of 0.5

m, the diameter of the internal moonpool.

Normalized Added Mass: A, j(w) = —1—

More embedded loops of panels=> more similar
resonances. In reality, viscosity and vortices will
significantly attenuate this resonance.
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Hydrodynamics

“Irregular frequency removal” should be
attempted but will likely NOT work with
resonances associated with the free surface of
the physical moonpool: removing these peaks is
recommended in post-processing before trying in
WEC-Sim

Try the cleanup function in
" WEC-
Sim/source/functions/BEMIO/badBemioFix_fcn.m

AN

Recommended reading: Kelly et. al, “A post-
processing technique for addressing ‘irregular
frequencies’ and other issues in the results from
BEM solvers”. Proc. of EWTEC 2021.
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Hydrodynamics Clean up

For added mass, radiation damping, excitation real
and imaginary components:
° Remove Spikes (at Single frequenCieS) Normalized Radiation Damping: B; j(w) = B,-;f)w)

« Apply back-to-back low-pass filtering g Suse | Meave . Peh . gt
* > Results can better represent real physics o—— | om T
This BEM post-processor will be released on the dev £
branch soon (PR #1076) |
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I Hydrodynamics

These resonances are non-physical and in reality will
be dissipated by viscosity before the motions
become large.

The lesson:

* In absence of tank data or a reference model,
OWC modeling w/ potential flow has a high
uncertainty

« Add significant damping to tune models

- Add frequency-dependent damping, which may be
necessary to tune models



T I WEC-Sim modeling

The two-body BEM approach can be readily
modeled with unmodified WEC-Sim blocks

Orifice model, pistons, turbine models, etc.

can be captured with a custom MATLAB :
function or sub-system in the force-actuated Control Law + PTO ™
Translational PTO block g
i
Conn &

i |
el

Cylinder
body(1)

BF

Constramii1)

Active Method:

Input File Conn




12 I WEC-Sim modeling

Both the GBM and FSP BEM
approaches will use a single flexible
body model, with the “flexible mode”
of the body being (at a minimum) the
internal free-surface motion.

But as-is, this doesn’t account for any
external coupling forces between
free-surface and cylinder motion.

wotation Foros Calculation

1 Fisican Caliulation

Cylinder + Water Column

consiraint

Active Method:
Input Fila

Conn

E
Calculabion

ring

Forca
F_lsomisornd Vs |I'

s Darnping Force Caloaiation

F_LrsarDampng

imping Foroe Calculation




13 I WEC-5im modeling- Breaking the Library

Break the library to
add PTO and other
coupling forces L Rp—

F_Excitation_Rigd

between the heaving e
free surface and the W . p—

cylinder. v

<sigral5

r r r r r r

F_RadiatianDamging_Rigd

exignalie

F_RadiationDamging_Flex

Conn
E _Toial =
BUS{T): Forces -

O ri fice Area tion Forces Caboulaton

+—>

F_Restoring_Rigid

storing Force Calculation

‘ha

F_MarrisanAndyi

=xigmali=

fiscous Damping Force Calculation <signal2>

=signald=

i rald=

=sig nal 5=

b r r r

F_LinsarDamping

=signalf>

Damping Force Calculation L I X I !
.

I <aigral =
.
caignalZs
<signalF>




14+ @ WEC-5im modeling- Breaking the Library

Both the GBM and FSP BEM approaches will use a single flexible body model, with the “flexible mode” of
the body being the internal free-surface motion.

Break the library to add PTO and other coupling forces between the free surface and the cylinder.

zems(bodygbmDOF1)

unit matrix

body.hydroForce.gbm.mass_ff_inv

Added Mass Matrixd

A,
3

Response_Flex

)

Piston Force

N atrix

”’ Multiply F_AddedMdss

Excitation

h 4

Matrix
Multiply

gStiffness F |
x= Ax+ Bu
U Y
y=Cx+ Du
displacement
GBM gDamping
U Y
velocity

.
Ll
p Multiply

This block solves the governing equations of motion for the

flexible degrees of freedom (generalized body modes)
using the flex force components. The response of the
generalied body modes is output.

body.hydroForce.gbm.mass_ff_inv
Added Mass Matrix3
N atrix | Matrix

| | Multiply

acceleration

4

Controll aw

Control Law + PTO




Orifice Area

<+—>

WEC-Sim modeling- Example

Consider a fixed orifice area, define relationships between
free surface velocity and force between the internal free
surface in the “Control Law + PTO” block

+
;n ()
Piston Force

- gStiffness Matrix
/ Multiply |
x=Ax+ Bu -
zems(body.gbmDOF,1) > a = [V body.hydroForce.gbm.mass_ff_inv
y=Cx+ Du
unit matrix displacemen t Added Mass Matrix3
GEM gDamping
> Matrix

[k

body.hydroForce.gbm.mass_ff_inv
Matrix
Matr i | ] Multiply
Added Mass Matrixd o Tu.”" [T | Multiply
e Multiply acceleration
velocity
Excitation

¥
ControlLaw

This block solves the governing equations of motion for the
flexible degrees of freedom (generalized body modes)
using the flex force components. The response of the
general lied body modes is output.

Control Law + PTO




WEC-Sim modeling- Example

Consider a fixed orifice area, define
relationships between free surface
velocity and force between the
internal free surface in the “Control
Law + PTO” block

zeros(body.gbmDOF,1) > x=Ax+ Bu

function [F_ext, dP, g, Pow] = dPOrifice(Al,A2,Vz,C,rholir)

% inputs

% Al: Water Cyl area (m"2)

¥ A2: orifice area (m"2)

% C : orifice flow coeff. (empirical, use for fitting,

4 or solve iteratively @ each time step. Approx for fully dev. flow = ©.562)
% thresh: the threshold above which compressibility flagged (fraction of Mach number)
% air temp assumed constant 293 K --»> C = 343.2 m/s

% outputs

% dP: pressure drop across the orifice (kPa)

% q : flow rate through the orifice (m*3/s)

% Pow : instantaneous power dissipated through the orifice

q = Al * Vz; ¥ Continuity

V2 = gfA2; % Velocity at Orifice

dP = 8.881 * 8.5 * rhoAir * (g/ (C * A2)) * abs{g/ (C * A2)); % Pressure drop (kPa)
Pow =abs(g * dP); % Power through orifice

# F fluid will always resist fluid motion, conserwves instantaneous momentum
F ext = -A1 * dP = 1888, % in Newtons

end

> U Y

y=Cx+Du

unit matrix

displacement

GBM

body.hydroForce.gbm.mass_ff_inv
1 Matrix >

| gStiffness ﬂ—
Multiply F_AddedMass

body.hydroForce.gbm.mass_ff_inv
Added Mass Matrix3
gDamping
> Matrix

N atrix | ] Muliply

Added Mass Matrix4 Multiply

4

velocity

Excitation

FYyvYY

| Multiply
acceleration

u‘y

ControlLaw

generalied body modes is output.

This block solves the governing equations of motion for the
flexible degrees of freedom (generalized body modes) Contrel Law + PTO
using the flex force components. The response of the




17 @ WEC-Sim modeling- Example

In this case, the GBM mode moves
along an axis coincident with the
rigid body heave direction AND the
orifice is aligned with this direction:
coupling forces are added to this
direction.

L-‘Li-
2 '®

Piston Force
[ ——
»> &
g 4
@
Total Force i/‘
a >
%: e

Rigid bod
heave
direction

Response

2

Va

Apply the total force to the body and
caiculate its response relative to the
global reference frame.

Output force to apply to another body.

o5kl e

VA Rigid Free Surface
Body Properties Transform Transform
(Setup Initial Disp) (Setup CG)

FlexibleBady

!
i 4- =signial3>




s # WEC-Sim modeling- Example

1
=

Response_Flex & a
Piston Force

Matrix
Multiply [ eamass

-

gDamping

body.hydroForce.gbm.mass_ff_inv

Added Mass Matrix3

L

» Multiply

Matrix T

dPOrifice

» - Matrix
R » Multiply [
>+ acceleration
>
orificeData

%107
5

Orifice Area (m2)
N w .
N [&)] w w L (&)

—
(&)

3 3.5 4 4.5 5 5.5 6 6.5
Wave Period (s)

10.9

10.8

Normalized Power



s Thank you!

Additional materials and recordings are available online:
http://wec-sim.github.io/WEC-Sim/webinars.html|
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Webinars

View page source

The WEC-Sim team is hosting a series of advanced features webinars. Dates and topics are listed
below. Once completed, the recordings and presentations will be posted to this page.

Date

April 18,2017
May 24,2017
June 13,2017
July 18,2017

August 17,2017

Topic

BEMIO and MCR

Nonlinear Hydro, Non-hydro, and B2B
PTO and Control

Mooring and Vizualization

WEC-Sim Training Course

WEC-Sim Webinar #1 - BEMIO & MCR

The presenation and recordings of WEC-Sim Webinar #1 on BEMIO & MCR hosted on April 18,
2017 are available below. Download the ion by clicking the image below.

FOSWEC wrvw i teaing and WEC Siem seslation

April 18, 2017
WEG i Wetrr
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